Effective capture of proteins inside living cells by antibodies indirectly linked to a novel cell-penetrating polymer-modified protein A derivative.
Antibodies against cytoplasmic proteins are useful tools that can control cellular function and clarify signaling mechanisms. However, it is difficult to capture proteins inside living cells, and thus appropriate methods for antibody delivery to the cytoplasm of living cells are required. Cell-penetrating materials, such as the TAT-peptide, have received attention for their ability to deliver various cargos into living cells. However, the direct modification of cargos with cell-penetrating materials is time-consuming and lacks versatility. Therefore, we conceived that protein A, which can bind to the fragment crystallizable region of an antibody, could indirectly link antibodies with cell-penetrating materials, creating an efficient and simple antibody delivery system. Here, we constructed a novel antibody delivery system using a cell-penetrating polymer-modified protein A derivative (CPP-pAd). Living cells treated with CPP-pAd/antibody complexes showed significantly higher antibody levels than those achieved with the commercially available reagent HVJ-E. Pre-treatment with sucrose prevented cellular uptake of the CPP-pAd/antibody complex, suggesting that the CPP-pAd/antibody internalization mechanism occurs through clathrin-dependent endocytosis. Interestingly, intracellularly delivered antibodies did not colocalize with endosome/lysosome markers, further suggesting that antibodies were delivered to the cytoplasm by escape from endosome/lysosome. Moreover, we observed that anti-nuclear pore complex antibodies, delivered to cells using CPP-pAd, localized to the nuclear membrane and inhibited nuclear factor κB dependent luciferase activity. Together, these results suggest that the antibodies delivered by CPP-pAd captured functional proteins, making CPP-pAd a promising strategy for effective capture of proteins inside living cells.